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(57)Abstract: 

PURPOSE: To provide an optical amplification and transmission 
system which reduces the ASE and, as a result, improves the 
S/N of signals received by means of a receiver. 
CONSTITUTION: In an optical amplification and transmission 
system incorporating an optical transmitter 10 having a laser 
source 10a and a first modulator 10b which modulates input 
data, an optical transmission path 1 2 having cascade- 
connected optical amplifiers 13. and an incoherent optical 
receiver 1 1 which receives transmitted signals through the 
path 12, a second modulator (polarized light modulator) 10c 
which is connected to the first modulator 10b and modulates 
the output of the modulator 10b in a pair of nearly orthogonal 
polarized states is incorporated. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The optical-amplification transmission system characterized by to be included the 2nd modulator 
which is connected to said 1st modulator and modulates the output of the 1st modulator in the state of 
polarization of the pair which intersected perpendicularly mostly in the optical-amplification transmission 
system containing the optical transmitter which has a source of laser, and the 1st modulator which modulates 
input data, the optical transmission pass which has the optical amplifier by which cascade connection was 
carried out, and the incoherent-light receiver which receives a sending signal through the optical transmission 
pass. 

[Claim 2] It is the optical amplification transmission system characterized by said 1st modulator modulating 
data in the form of intensity modulation in an optical amplification transmission system according to claim 1. 
[Claim 3] It is the optical amplification transmission system characterized by modulating said 2nd modulator on 
a larger frequency than the frequency of said 1st modulator in an optical amplification transmission system 
according to claim 1. 

[Claim 4] It is the optical amplification transmission system characterized by said data modulator performing a 
data modulation in the form of intensity modulation in an optical amplification transmission system according 
to claim 3. 

[Claim 5] It is the optical amplification transmission system characterized by modulating said 2nd modulator in 
an optical amplification transmission system according to claim 3 on the frequency of two or more integral 
multiples of the modulation frequency of the 1 st modulator. 

[Claim 6] It is the optical amplification transmission system characterized by said 1st modulator modulating 
data in the form of intensity modulation in an optical amplification transmission system according to claim 5. 
[Claim 7] The polarization condition regulator further connected to the 2nd modulator in the optical 
amplification transmission system according to claim 1 at the serial. The driver driven on the same frequency 
as the frequency which drives said 2nd modulator. By having the feedback loop which feeds back the signal 
from said receiver to said polarization condition regulator through said driver, and controlling a polarization 
condition regulator The optical amplification transmission system characterized by making into min the 
amplitude modulation component of an input signal received on the same frequency as the frequency of the 
2nd modulator in the receiver. 

[Claim 8] It is the optical amplification transmission system characterized by said 1st modulator performing a 
data modulation in the form of intensity modulation in an optical amplification transmission system according 
to claim 7. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the optical amplification transmission system which improves 
the S/N ratio of the signal which a spontaneous emmision light (ASE) noise is decreased in a detail, 
consequently is detected with a receiver more about an optical amplification transmission system. 
[0002] 

[Description of the Prior Art] In the optical amplification transmission system using noninterfering detection, 
the optical transmission pass between the optical transmitter put on the distant location and an optical 
receiver is constituted by the cascade connection of the optical amplifier which set spacing and was 
distributed along with the transmission path. 

[0003] Each optical amplifier has the magnification medium (amplifier) which has the inverted population. The 
low power input to such amplifier is amplified, and spreads through amplifier. The signal input to amplifier acts 
on the inverted population and mutual, and produces induced emission, and a signal is amplified by it as a 
result. However, this inverted population produces the spontaneous emmision light of a broadband compared 
with a signal. This spontaneous emmision light is similarly amplified with the concatenated amplifier. 
[0004] Consequently, the amplified spontaneous emmision light (ASE) reaches a receiver with a signal. This is 
shown in the light wave technical journal published by for example. N.A.OIsson in July, 1989, Vol.7, No.7, and 
1071st page - page [ 1082nd ] "the lightwave system which has an optical amplifier." When an input signal is 
detected by the receiver according to it, ASE serves as a cause of the beat noise produced by the interaction 
between spontaneous emmision light-spontaneous emmision light further by the interaction between signal 
light-spontaneous emmision light. 

[0005] Drawing 3 is drawing showing an example of the lightwave transmission system of the conventional 
technique. The lightwave transmission system of drawing 3 has a transmitter 10 and the optical receiver 11, 
the receiver 11 is put on the optical transmitter 10 and the distant location, the optical-fiber-transmission 
pass 12 is between the transmitter 10 and receiver 11. and several 100 optical amplifier 13 is typically 
concatenated by the transmission path 12. It becomes irregular by 1st modulator 10b, and the laser beam 
generated in source of laser 10a in a transmitter 10 is transmitted to the optical receiver 11 through a 
transmission path 12 and an optical amplifier 13. As mentioned above, the induced emission light generated 
with each optical amplifier 13 is amplified with a signal, and reaches an optical receiver through a transmission 
path 12. 
[0006] 

[Problem(s) to be Solved by the Invention] This spontaneous emmision light (ASE) amplified with the signal 
with the concatenated amplifier became a noise in the receiver, and had the evil to which the S/N ratio of a 
signal is reduced. It intersects perpendicularly mostly and use of the 2nd modulator which modulates the 
polarization condition of the modulation lightwave signal transmitted by the transmitter is described in the 
condition of having polarized by the United States patent numbers 4965857 and 5023494 described above. 
However, the coherent detection (superheterodyne) described in it is using the synchronous-detection 
system. Since the coherent detection described there is not using the optical amplifier, the problem of an ASE 
noise is not produced. Furthermore, since especially the 2nd modulator is constituted so that a synchronous 
detection may be possible, the system using asynchronous detection is not indicated at all. 
[0007] 

[Means for Solving the Problem] The optical amplification transmission system of this invention is constituted 
so that the S/N ratio of the signal which an ASE noise is decreased, consequently is detected with a receiver 
may be improved. The optical transmitter which has a source of laser, and the 1 st modulator which modulates 
input data according to the optical amplification transmission system of this invention, In the optical 
amplification transmission system containing the optical transmission pass which has the optical amplifier by 
which cascade connection was carried out. and the incoherent light receiver which receives a sending signal 
through the optical transmission pass It connects with the 1 st modulator, and it is constituted so that the 2nd 
modulator which modulates the output of the 1 st modulator in the state of polarization of the pair which 
intersected perpendicularly mostly may be included. 

[0008] Moreover, the optical amplification transmission system of this invention is constituted so that the 
driver driven on the same frequency as the frequency which drives further the polarization condition regulator 
connected to the 2nd modulator at the serial and the 2nd modulator, and the feedback loop which feeds back 
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the signal from a receiver to a polarization condition regulator through a driver may be included. 
[0009] 

[Function] An ASE noise is decreased and signal power/noise ratio is made to increase by it in this invention 
by making it operate so that the output of the 1st modulator may be modulated in the state of polarization of 
the pair which intersected perpendicularly mostly using the 2nd modulator. 

[0010] Moreover, in this invention, by feeding back the signal from a receiver to a polarization condition 
regulator through the driver driven on the same frequency as the frequency which drives the 2nd modulator, it 
operates so that the amplitude modulation component of an input signal received on the same frequency as 
the frequency of the 2nd modulator in the receiver may be made into min. 
[0011] 

[Example] Example 1 drawing 1 is drawing showing the 1st example of this invention. The optical transmitter 
system of drawing 1 has a transmitter 10, the transmitter 10 is put on the noninterfering receiver 1 1 and the 
distant location, the opticaHiber-transmission pass 12 is between the transmitter 10 and receiver 11, and 
hundreds of optical amplifiers 13 are typically concatenated by the transmission path 12. 
[0012] The desirable form of an optical amplifier is the optica! fiber amplifier containing a rare earth dopant 
like an erbium. The desirable form of a transmitter 10 is constituted from source of injection laser 10a, and a 
data input 14 by the 1st modulator 10b to which data are supplied, and 2nd modulator 10c connected to the 
oscillator 1 5. 

[0013] Although that is not necessarily right, generally 1st modulator 10b is a modulator on the strength. When 
carrying out intensity modulation of the data, the source of laser and a modulator on the strength may be 
combined with the injection laser driven with both a laser bias current and a data modulation current. 2nd 
modulator 10c is a polarization modulation machine which modulates an optical polarization condition. And the 
amplitude of an oscillator output drives 2nd modulator (optical polarization condition) 10c, and it is chosen so 
that fully for carrying out the sweep of the output of the pair which is in a rectangular polarization condition 
mostly. The desirable form of such 2nd modulator 10c is a lithium NIOBETO phase shifter which polarizes an 
optical input so that the input may be divided almost equally between TE and the TM mode. On the other 
hand, this modulator may be constituted so that it may operate by recombining two parts which divide a signal 
into two equally, carry out the frequency shift of one of these by sound light modulation, and are in a right- 
angle polarization condition after that. 

[0014] It was thought that ASE generally did not polarize. That is, generally it was thought that the ASE power 
of the polarization condition which intersects perpendicularly with the polarization condition of signal power 
was equal to the ASE power of the polarization condition of signal power and the polarization condition of an 
inphase. However, in the long-distance system, ASE power was not the same as signal power, and was 
understood whether intersect perpendicularly with a signal in fact, and that it becomes and much ASE power 
exists by experiment. This is considered to be based on the small gain difference between two polarization 
conditions of each amplifier. It multiplies by this small gain difference with many amplifier in a system, and, 
thereby, in the case of the system containing about 100 amplifier, a remarkable gain difference produces it. By 
modulating the polarization condition of a signal and doubling the time amount in two polarization conditions 
which intersect perpendicularly mostly showed that ASE could be decreased and signal power could be 
increased by it. 

[0015] In this invention, a signal / ASE ratio, i.e., an input signal/noise ratio, is improved. In order to make this 
improvement effect into max, a modulation must quite [ response time / of the inverted population in 
amplifier ] be a high-speed rate. It becomes difficult to in it that polarization modulation is a low-speed 
rate compared with the time constant of the inverted population in one certain amplifier, and to make small 
the overall gain difference between two polarization conditions. Since each gain difference is accumulated with 
each amplifier about all systems, this gain difference is counted according to the number of the amplifier in a 
system. When the fiber amplifier by which the erbium dope was carried out assumes that it has the inverted 
population time amount for about 10ms, as for the polarization modulation frequency to 100 amplifier systems, 
it is desirable to exceed 100kHz. In addition, polarization modulation does not need to be periodic. 
[0016] In drawing 1 , 2nd modulator 10c is placed after 1st modulator 10b, and constitutes some transmitters 
10. It is a clear thing that it is desirable theoretically to place just before this first amplifier 13 by which 
cascade connection was carried out as for 2nd modulator 10c. When putting 2nd modulator 10c after the first 
amplifier 13 or on the lower stream of a river of a certain amplifier by which cascade connection was carried 
out further, the fault that ASE generated by upstream amplifier rather than the amplifier cannot be decreased 
is contained. 

[0017] an example 2 — this system has the loss (PDL) depending on polarization of a network Therefore, 
when 2nd modulator 10c modulates the signal transmitted to a lower stream of a river along with a 
transmission path 12 between the random pairs which are in a rectangular polarization condition mostly, there 
is a possibility that this polarization modulation may be detected by the receiver 1 1 as amplitude modulation. 
That is, in two quadrature modulation signals, when the transmission loss of each modulating signal differs, 
amplitude modulation arises on the frequency of a polarization condition modulation in a receiver side. Since 
this amplitude modulation has a bad influence on a transmission system, it should be removed. The one 
approach of avoiding the bad influence by amplitude modulation is realized by the transmission system of 
drawing 2 . 
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[001 8] Drawing 2 is drawing showing the 2nd example of this invention. The transmission system of drawing 2 
is the configuration same about a transmission path 12, a receiver 11, and amplifier 13 as the system of 
drawing 1 . Similarly, a transmitter 10 contains the same source of laser 10a as the transmitter 10 of the 
system of drawing 1 which is three elements, the 1st modulator 10b, and 2nd modulator 10c. Each equipment 
is combined by the connection method of common knowledge, such as an optical fiber or a lens. Furthermore, 
the transmitter 10 of drawing 2 includes the feedback loop 30 which feeds back the driver 26 which supplies 
power, and the signal from a receiver to 20d of polarization condition regulator, and 20d of this polarization 
condition regulator. A driver 26 and the feedback loop 30 constitute a feedback control loop. 
[001 9] 20d of this polarization condition regulator is driven by the feedback control loop, and it operates so 
that amplitude modulation which appears in the detector of a receiver of the same frequency as the 
modulation frequency impressed to 2nd modulator 10c may be made into min. In a case, the 2nd modulator can 
take the format as it with 20 samed of polarization condition regulators in the form of a lithium NIOBETO 
phase shifter. 20d of polarization condition regulators performs the same actuation as 2nd modulator 1 0c. 
[0020] In 2nd modulator 10c, the modulating signal which modulates the modulation condition of an output 
signal is usually given cyclically. On the other hand, in 20d of polarization condition regulators, a modulating 
signal is adjustable bias supplied by the feedback loop. If bias of the 20d of the polarization condition 
regulators is carried out in the condition which is not the optimal, the signals transmitted to a receiver from a 
transmitter between the 1 st and 2nd polarization condition will differ in extent of attenuation, respectively. 
Therefore, in such a condition, a receiver 1 1 will receive the signal by which amplitude modulation was carried 
out in a polarization modulation frequency. This modulation condition is supplied to the driver 26 constituted 
by the multiplier as a phase reference signal of an oscillator 15. That is, it is used as a reference signal which 
determines whether the frequency of an oscillator 15 is the frequency of polarization modulation, and whether 
to be in phase and opposition in the signal component detected by the receiver. The output of a driver 26 
becomes forward or negative by whether more two polarization conditions were declining in a receiver. Thus, 
20d of polarization condition regulators adjusts the modulation condition according to a polarization condition, 
and they adjust the signal transmitted to a receiver from the 2nd modulator 10c through the feedback loop so 
that extent of the amplitude of the signal received with a receiver 1 1 may become the same. 
[0021] The problem of the loss (PDL) for which it depends on polarization about a digital intensity modulation 
transmission system can be solved by carrying out polarization modulation with a high-speed bit rate and the 
bit rate of a desirable twice or a desirable larger integral multiple than it without using 20d of polarization 
condition regulators, and the feedback loop instead. In such an approach, the problem of the amplitude 
modulation produced by PDL is not produced. This is because it is removable by filtering a signal with a filter, 
without weakening detection of bit stream data. 
[0022] 

[Effect of the Invention] As explained above, according to this invention, the S/N ratio of the signal which an 
ASE noise is decreased, consequently is detected with a receiver is improvable. 

[0023] Furthermore, according to this invention, an amplitude modulation component can remove further the 
bad influence which it has on a system by using the feedback loop, a driver, and a polarization condition 
regulator by decreasing the amplitude modulation component of an input signal received with a receiver. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[ Drawing 1] It is the system chart showing the optical amplification transmission system of one example of this 
invention. 

[Drawing 2] It is the system chart showing the optical amplification transmission system of other examples of 
this invention. 

[Drawing 3] It is the system chart showing an example of the conventional optical amplification transmission 
system. 

[Description of Notations] 

10 Transmitter 

10a The source of injection laser 
1 0b The 1 st modulator 

10c The 2nd modulator (polarization modulation machine) 

1 1 Noninterfering Receiver 

12 Optical-Fiber-Transmission Pass 

13 Optical Amplifier 

1 4 Data Input 

15 Oscillator 

20d Polarization condition regulator 

26 Driver 

30 Feedback Loop 
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